Background {#Sec1}
==========

Houseflies (*Musca domestica*) are the most common of domestic flies. Their feeding and reproductive habits make them important mechanical and biological vectors of several human and veterinary pathogens including those causing nosocomial, enteric and anthropozoonotic infections \[[@CR1]--[@CR5]\]. They also serve as reservoirs and disseminators of metazoan parasites of both veterinary and human medical significance \[[@CR2]\].

*Pseudomonas aeruginosa* is a fastidious multi-drug-resistant pathogen of veterinary and public health importance \[[@CR6], [@CR7]\]. The organism is involved in the etiology of some important emerging diseases; including nosocomial bloodstream infections and pneumonia \[[@CR5]--[@CR14]\]. The primary site of colonization and a frequent source of subsequent infection by *P. aeruginosa* is the gastrointestinal tract.

There are increasing reports of nosocomial infections associated with drug-resistant *P. aeruginosa* in Iran \[[@CR14]\]. Meanwhile, there are many reports of *P. aeruginosa* disease outbreaks that are attributed to environmental sources \[[@CR10], [@CR15]\]. However, the role of such sources in sporadic *Pseudomonas* infections is not well defined \[[@CR6]\]. There were also reported frequency of resistance and susceptible bacteria and fungi isolated from houseflies \[[@CR5], [@CR16]\]. A better understanding of the role of such environmental reservoirs in *Pseudomonas* infections would permit better use of strategies to minimize the transmission of the pathogen to vulnerable individuals. This study was conducted to screen for molecular detection and antimicrobial-resistant *P. aeruginosa* in *Musca domestica* in different locations in the Iranian provinces of Shahrekord and Isfahan.

Methods {#Sec2}
=======

Study area and sample collection {#Sec3}
--------------------------------

This study was conducted in Isfahan (32.6333° N, 51.6500° E) and Shahrekord (32.3256° N, 50.8644° E) provinces located in central and southwestern Iran, respectively. It involved collection of houseflies (n = 600) from household kitchens (n = 4), cattle farms (n = 4), chicken farms (n = 2), animal hospitals (n = 2), human hospitals (n = 4) and slaughterhouses (n = 2). The houseflies were captured by both manual and sticky trap methods. The fly samples were then transported to the laboratory of the Biotechnology Research Center, using separate sterile tubes to prevent cross-contamination between samples. In the laboratory, flies were identified and killed by refrigeration in a cold chamber at −20 °C. They were then placed in 5 mL peptone water and left at room temperature for five hours before being processed.

Isolation of bacteria from fly samples {#Sec4}
--------------------------------------

Bacteria were isolated from flies by placing them in a solution containing peptone water. Briefly, 500 μL of the peptone solution was inoculated in nutrient agar and blood agar plates. The inoculated plates were then incubated aerobically at 35 °C for 72 h. Bacterial colonies suggestive of *Pseudomonas* were sub-cultured and further incubated for seven days. Pure isolates were then maintained on the appropriate agar slant and stored at 28 °C.

Identification of *Pseudomonas* and confirmation of the isolates {#Sec5}
----------------------------------------------------------------

*Pseudomonas* isolates were preliminarily identified to genus level based on colony morphology and gram staining as previously reported \[[@CR17], [@CR18]\]. Following preliminary identification isolates were maintained in tryptic soy broth (TSB; Merck) for future use. Presumptive *Pseudomonas* isolates were confirmed by polymerase chain reaction using a method previously described \[[@CR19]\].

DNA isolation {#Sec6}
-------------

DNA was extracted from the bacterial cells grown in TSB as described earlier by other authors \[[@CR20], [@CR21]\]. Briefly, bacterial cells were centrifuged at 15,000 × *g* for five minutes and washed in 1 mL of MNacl. The cells were then washed in 1 mL of TE buffer (50 mM Tris--HCl, pH 8.0, 50 nMEDTA), centrifuged again at high speed, and re-suspended in 0.7 mL of the same TE buffer. Two hundred micrograms of lysozyme (Sigma, USA) was then added, and the mixture incubated at 37 °C for one hour. The lysed cells were extracted twice with 1 mL of phenol-chloroform solution. DNA was precipitated from the aqueous phase with 0.33 MNH4- acetate and 2.5 volumes of cold ethanol overnight at −20 °C. The precipitated DNA was then dissolved in TE buffer. The quality of extracted DNA from samples was examined by electrophoretic analysis through a 1.5 % agarose gel.

Polymerase chain reaction (PCR) Amplification of *bla*Tem-1gene {#Sec7}
---------------------------------------------------------------

A pair of primers (Tem-F: 5′-TCCGCTCATGAGACAATAACC-3′ and Tem-R: 3′- ATAATACCGCACCACATAGCAG-5′) was designed to amplify the *bla*TEM gene in the extracted DNA using Genbank (Genbank, National Center for Biotechnology Information, [www.ncbi.nlm.nih.gov/genbank](http://www.ncbi.nlm.nih.gov/genbank)). An amplification reaction yielding a PCR product of band size 296 bp was carried out in a total volume of 25 μL, consisting of 1 μM of each primer, 2 mM of MgCl~2~, 200 μM of dNTP, 5 μL of 10X PCR buffer, 1 U of Taq DNA polymerase (Fermentas, Germany) and 1 μg of template DNA. Distilled water was used as a negative control. Thermal PCR conditions consisted of five minutes of initial denaturation at 95 °C and then 30 cycles of denaturation at 94 °C for 60 s, annealing at 58 °C for one minute, and extension at 72 °C for one minute. Then followed a final extension at 72 °C for five minutes. The products were then maintained at 4 °C until processed. The amplified products were analyzed in 1.5 % agarose gel. Electrode buffer was TBE \[Tris-base 10.8 g, 89 mM, boric acid 5.5 g, 2 mM, EDTA (pH 8.0) 4 mL of 0.5 M EDTA (pH8.0), with all components being combined in sufficient H~2~O and stirred to dissolve\]. Gels were stained with ethidium bromide. Aliquots of 10 μL of PCR products were applied to the gel. Constant voltage of 80 for 20 min was employed to separate products. Subsequently, electrophoresis images were obtained in UVItec documentation systems (UK).

Antimicrobial resistance testing {#Sec8}
--------------------------------

Antimicrobial resistance testing was performed by the Kirby-Bauer disc diffusion method on Mueller Hinton agar based on recommendations of CLSI (formerly the National Committee for Clinical Laboratory Standards -- NCCLS) \[[@CR22]\]. The following antibiotics were used in this study: ampicillin, amikacin, carbenicillin, cefalexin, ceftazidime, ceftriaxone, ceftizoxime, cefotaxime, ciprofloxacin, gentamicin, imipenem/cilastatin, norfloxacin, piperacillin, tobramycin and kanamycin (Pattan-Teb, Tehran, Iran).

Statistical analysis {#Sec9}
--------------------

Data were analyzed by the statistical software SPSS® version 17.0 (SPSS Inc., USA). Frequencies of fly samples positive for *P. aeruginosa* and frequencies of isolates resistant to different antimicrobial agents were determined by computing descriptive statistics. Proportions were compared by chi-square test to determine statistical significance of the observed differences at p \< 0.05.

Results {#Sec10}
=======

The overall prevalence of *P. aeruginosa* in houseflies in this study was 8.8 % (53/600) from houseflies collected from the two provinces. The expected size of amplicons for TEM genes in *P. aeruginosa* is 296 bp (Fig. [1](#Fig1){ref-type="fig"}). The 10.7 % (32/300) prevalence of flies obtained in Shahrekord province was slightly higher than the 7.0 % (21/300) found in Isfahan province. The locations and specific seasonal prevalence of *P. aeruginosa* are shown in Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"}. There were no statistically significant differences (p \< 0.05) in the bacterial prevalence in flies from the different locations. Furthermore, seasonal prevalence showed that a significantly lower frequency of infection occurred during autumn.Fig. 1Agarose gel stained with ethidium bromide, for detection of TEM genes in *P. aeruginosa*. Lanes 1, 4 and 6 are negative. Lanes 2, 3 and 5 are positive tests for TEM (296 bp). Line 7 is a DNA ladder (Fermentas, Germany)Table 1Recovery frequencies of Pseudomonas aeruginosa from houseflies captured at different locations in Shahrekord and Isfahan provinces of IranLocationProportion of *Pseudomonas aeruginosa* in % (n)Kitchens (n = 4)4.0 (100)Cattle farms (n = 4)15.0 (100)Chicken farms (n = 2)5.0 (100)Slaughterhouses (n = 2)6.0 (100)Animal hospitals (n = 2)14.0 (100)Human hospitals (n = 4)9.0 (100)Table 2Recovery frequencies of Pseudomonas aeruginosa from houseflies captured during different seasons in Shahrekord and Isfahan provinces of IranSeasonProportion of *Pseudomonas aeruginosa* in % (n)Spring10.7 (150)Summer14.7 (150)Autumn3.3 (150)Winter10.0 (150)

Antimicrobial resistance profiles of *P. aeruginosa* isolates obtained in this study are displayed in Table [3](#Tab3){ref-type="table"}.Table 3Antimicrobial resistance profiles of P. aeruginosa isolates against 15 antimicrobial agentsAntimicrobial agentProportion of resistant isolates (%)Ampicillin100.0Amikacin64.2Carbenicillin69.8Cefalexin100.0Ceftazidime71.7Ceftriaxone100.0Ceftizoxime71.7Cefotaxime100.0Ciprofloxacin58.5Gentamicin49.1Imipenem/cilastatin49.1Norfloxacin45.3Piperacillin60.4Tobramycin56.6Kanamycin100.0

Discussion {#Sec11}
==========

The role of houseflies as reservoirs of infectious microorganisms has been described by several researchers \[[@CR23]--[@CR25]\]. Because of their habitat preferences, mobility, feeding habits, and attraction to residential areas, these flies have a great potential to disseminate bacterial pathogens, including those responsible for causing human and animal infections \[[@CR26], [@CR27]\]. Flying back and forth between different sites, the flies transmit the pathogens to surrounding communities both mechanically, via contaminated mouthparts and legs; and biologically, via excretion of ingested microbes \[[@CR28], [@CR29]\]. In the present study, 8.8 % (53/600) of the houseflies collected at the different locations were positive for *Pseudomonas* spp. The location-specific prevalence of the pathogen among the collected flies ranged from 4.0 % for those collected in kitchens to 15.0 % for flies captured on cattle farms. Both the overall and site-specific prevalence of *Pseudomonas* spp. among housefly population sampled in the current study were lower than the values reported elsewhere \[[@CR30]\]. This observation highlights differences in contamination rates with the pathogen in the sampling locations in these different studies.

A significant proportion (9.0 %) of houseflies captured in the hospital environment carried *Pseudomonas* spp. This finding corroborates the suggestion by Fotedar *et al.* \[[@CR1]\] that there is a high chance that flies in hospital settings would become contaminated with pathogenic microorganisms as the microorganisms is widespread in such an environment. The implication of this is that, in turn, the flies contaminate the patient environment so that patients are exposed to healthcare associated infections \[[@CR1]\]. Different studies have demonstrated *P. aeruginosa* nosocomial outbreaks caused by environmental sources \[[@CR6], [@CR31], [@CR32]\].

This study recorded high prevalence of *P. aeruginosa* in samples collected from cattle farms and animal hospital environments. The observation is similar to other reported incidences of bacterial fly infestations in a number of studies \[[@CR8], [@CR26], [@CR29], [@CR33], [@CR34]\]. This finding may be attributable to the presence of organic waste in and around these facilities, which provide excellent habitats for the growth and development of both bacterial pathogens and these insect pests \[[@CR35]\]. Researchers point out that all environments rich in decomposing organic matter harbor diverse microbes and serve as suitable substrate for development of houseflies and other filth flies \[[@CR5], [@CR14]\].

The samples collected from the kitchen environment showed the lowest prevalence (4.0 %) of *P. aeruginosa* in this study. A similarly low prevalence (3.3 %) of this pathogen among houseflies sampled in kitchens was found by Jia *et al*. \[[@CR36]\]. The findings in these two different studies would suggest a low level of contamination of the kitchen environment by this bacterium, a diminution that may be linked to hygienic practices in kitchens in attempts to produce safe food.

This finding that houseflies carry antimicrobial-resistant bacteria including *P. aeruginosa* has been previously reported in Iran and elsewhere \[[@CR16], [@CR37]--[@CR39]\]. Generally, *P. aeruginosa* isolates recovered from houseflies in the current study were highly resistant to all 15 antimicrobials tested, with the percentage of resistant isolates ranging from 45.3 % to 100.0 %. These included high resistance levels to imipenem (49.1 %) and amikacin (64.2 %) which were found by other authors to be effective against the bacterium \[[@CR39]\]. The emergence of bacterial strains resistant to carbapenems, which are among the most effective antimicrobial agents against gram-positive and gram-negative bacteria, is suggested to be due to plasmid or integron-mediated carbapenemases, efflux systems, reduced porin expression and increased chromosomal cephalosporinase activity \[[@CR40]\]. Unfortunately, there has been little consideration of arthropod vectors in the current control strategies for *P. aeruginosa* \[[@CR41]\].

Conclusions {#Sec12}
===========

We have detected the presence of *P. aeruginosa* from a significant proportion of *Musca domestica* sampled from random human and animal locations in Iran. Since a housefly can serve both as a mechanical and biological vector of *P. aeruginosa*, this finding indicates a risk to vulnerable humans and animals that is heightened by the occurrence of antimicrobial resistance among the isolates, which limits therapeutic options for the treatment of infections caused by the bacterium. Houseflies are important in the epidemiology of *P. aeruginosa* infections. Thus, future programs aimed at stemming infections caused by these organisms should take flies into account.
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